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A FLIGHT INVESTIGATION OF THE PERFORMANCE, HANDLING QUALITIES, 
AND OPERATIONAL CHARACTERISTICS OF A DEFLECTED SLIPSTREAM 

STOL TRANSPORT AIRPLANE HAVING FOUR 
INTERCONNECTED PROPELLERS 

By Hervey C. Quigley, Robert C. Innis, 
and Curt A. Holzhauser 
Ames Research Center 
Moffett Field, Calif. 

SUMMARY 

A large four-engined aircraft having full-span triple-slotted, trailing-edge 
flaps and interconnected propellers was studied to gain further information on 
the flight and operational characteristics of typical STOL aircraft. The air- 
plane investigated - the Breguet 941 - had good STOL performance with the capa- 
bility of making a landing approach with a glide slope of about 8' at an air- 
speed of less than 60 knots. 
50 feet obstacles, respectively, were less than 1000 feet. The STOL handling 
qualities of the airplane were rated satisfactory except for longitudinal static 
stability and the lateral-directional static and dynamic stability which were 
rated acceptable. 
considered safe to fly at the low airspeeds required for STOL performance. 

3- 

The take-off and landing distances over 35 and 

Because of a propeller interconnect feature the airplane was 

INTRODUCTION 

The interest in STOL transport airplanes for military transport missions and 
for short-haul airlines has created a requirement for information on the perform- 
ance, handling qualities, and operational characteristics of deflected slipstream 
airplanes. The principle of obtaining augmented lift by deflecting the propeller 
slipstream with highly deflected trailing-edge flaps has been demonstrated in 

obtained by flying the YC-l34A, NC-l30B, and VZ-3 STOL vehicles. The results of 
these investigations have been reported in references 1 through 4. In France an 
extensive research and development program has been carried out on the deflected 
slipstream STOL transport airplanes by the Breguet Aircraft Company. 
references 5 and 6, initial studies on the Breguet 94 series date back to 1945 
and the first flight on the Breguet 940 test vehicle was made in 1957. 
Breguet 940 demonstrated experimentally the feasibility of the highly deflected 
triple-slotted flap, interconnected propellers, and the use of differential out- 
board propeller pitch for control to obtain acceptable STOL performance and ' 

handling qualities. These features were then incorporated into a prototype 
assault transport known as the Breguet 941. Reference 5 describes some of the 
performance and handling qualities characteristics of the 941 aircraft in STOL 
operation. 

I flight on several airplanes. In this country, limited experience has been 

As noted in 

The 



In order to gain additional information on the operation of large STOL 
aircraft, the NASA has conducted an investigation of the Breguet 941 airplane, 
including a limited flight study in France in cooperation with the French Air 
Force and the Societe Anonymes des Ateliers D’Aviation, Louis Breguet. The 
results of the investigation are presented herein as representative of the char- 
acteristics of a current state-of-the-art design. Some of the basic aircraft 
flight test data on which the report is based as received fromBreguet without 
analysis are available from Ames Research Center upon request. 

NOTATION 

longitudinal ac celerat ion, f t /s e c2/g 

normal acceleration, ft /s e c2/g 

drag coefficient including thrust 
AZW 
%Js 

lift coefficient, - 
maximum lift coefficient 

pitching-moment coefficient 

longitudinal stability derivative, -, per radian 

longitudinal stability derivative, -, per ft/sec 

acceleration of gravity, ft/sec2 

horizontal stabilizer angle (leading edge up, positive), deg 

gas generator speed, percent 

roll angular velocity (right r o l l ,  positive), radians/sec 

pitch angular velocity (nose-up, positive), radians/sec 

free-stream dynamic pressure, lb/ft2 

%l 

acm 
&L 

3V 

rate of climb, ft/min 

rate of descent, ft/min 

yaw angular velocity (nose right, positive), radians/sec 

wing area, ft2 

shaft horsepower 



propel le r  t h rus t ,  lb 

s t a t i c  propel le r  t h rus t ,  lb 

T t h r u s t  coef f ic ien t ,  - 
t r u e  airspeed, knots o r  f t / s e c  

ca l ibra ted  airspeed, Vf i ,  knots 

s t a l l  or m i n i m u m  airspeed, knots 

gross weight, lb 

corrected angle of a t tack,  deg 

indicated angle of a t tack,  deg 

angle of s ides l ip ,  deg 

f l i gh t -pa th  angle (climb, pos i t i ve ) ,  deg 

elevator  angle ( t r a i l i n g  edge down, p o s i t i v e ) ,  deg 

t ra i l ing-edge f l a p  def lec t ion ,  deg 

rudder def lec t ion  ( t r a i l i n g  edge l e f t ,  p o s i t i v e ) ,  deg 

l a t e r a l  s t i c k  def lec t ion ,  deg 

propel le r  e f f ic iency  

a t t i t u d e  angle (nose up, p o s i t i v e ) ,  deg 

densi ty  r a t i o  

bank angle ( r i g h t  wing down, p o s i t i v e ) ,  deg 

r 011 angular acce lera t ion  , radians/sec2 

qs  

DESCRIPTION OF AIRPLANE 

The t e s t  a i rplane,  a high-wing, turboprop, a s sau l t  t ranspor t  a i rplane,  i s  
shown i n  f igu re  1 i n  the landing configuration. A three-view sketch of t h e  air-  
plane i s  shown i n  f igu re  2, and the per t inent  geometric da ta  a r e  presented i n  
t a b l e  I. The a i rp lane  has severa l  unique fea tures :  (1) most of t h e  wing i s  
immersed i n  the  propel le r  sl ipstream, and it i s  equipped with a highly deflected,  
ful l -span,  t r i p l e - s l o t t e d  t ra i l ing-edge  f l a p  and a cambered leading edge, (2)  t he  
four  propel le rs  a r e  interconnected by a cross  shaft and have opposite ro t a t ion ;  
t h a t  i s ,  t h e  l e f t  inboard and r i g h t  outboard t u r n  clockwise and the l e f t  outboard 
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and r i g h t  inboard tu rn  counterclockwise (see f i g .  2 ) ,  (3) d i f f e r e n t i a l  outboard 
propel le r  p i t c h  i s  used t o  augment lateral  and d i r ec t iona l  control ,  and (4)  t h e  
cockpit controls  included a p i l o t ' s  s t i c k  f o r  lateral and e leva tor  cont ro l  and a 
s ing le  t h r o t t l e  a t  t h e  p i l o t ' s  l e f t  hand f o r  a l l  four  engines. 

Trailing-Edge Flaps 

Figure 3 presents  a sketch of t he  t ra i l ing-edge  f l a p s .  
38.5 percent of t h e  wing chord and i s  constructed with th ree  chordwise sect ions.  
The angle between t h e  lower, or t r a i l i n g  edge, sec t ion  and t h e  normal wing chord - 

l i n e  def ines  the  f l a p  def lec t ion .  The small middle surface i s  r i g i d l y  at tached 
t o  t h e  lower f l a p  sect ion.  The upper f l a p  sec t ion  i s  def lec ted  about one-half 
t h a t  of t he  lower sect ion.  

The f l a p  chord i s  

The f l a p  i s  divided i n t o  four spanwise sect ions on each wing. The two 
inboard sec t ions  a re  known as the  i n t e r n a l  f l a p  and t h e  two outboard sect ions as 
t h e  ex te rna l  f l ap .  The a f t  sec t ion  of t he  ex te rna l  f l a p  serves as an a i l e ron .  
The def lec t ions  f o r  t he  four  f l a p  configurations t e s t e d  and the  notat ion used i n  
t h i s  repor t  t o  i den t i fy  t h e  f l a p  configurations a re  as follows: 

I Wave-off I 75O I 5oo 

o/o 

45/30 

75/50 

Fl igh t  Cont r 01s 

A short  control  s t ick ,  about 8 inches long, on top  of t h e  cont ro l  column i s  
used t o  cont ro l  t h e  airplane l a t e r a l l y .  The cont ro l  s t i c k  operates a i lerons,  
spoi le r ,  and d i f f e r e n t i a l  outboard propel le r  p i t c h  t o  produce l a t e r a l  control  
moments. Figure 4 shows the  va r i a t ion  of t h e  f l i g h t  cont ro l  displacements with 
p i l o t  's cont ro l  displacement f o r  a l l  t he  cont ro ls .  
spo i l e r s  have been rigged s l i g h t l y  up on both wings which reduces t h e  nonlinear 
effect iveness  associated with spo i l e r  def lec t ion  near zero def lec t ion .  

A s  shown i n  f igu re  4( a) ,  t h e  

Standard rudder pedals a re  used t o  operate t h e  double-hinged rudder and d i f -  
The double-hinged rudder con- 

A t  airspeeds above 100 knots, 

f e r e n t i a l  p rope l le r  p i t c h  f o r  d i r ec t iona l  cont ro l .  
s ists  of two chordwise surfaces of about equal chords ( see  f i g .  1). The forward 
surface has half  t he  def lec t ion  of t he  af t  surface.  
t h e  forward rudder i s  locked at zero def lec t ion  and o n l y t h e  aft surface i s  used 
and can be def lected +40°. 
both ' l a t e r a l  and d i rec t iona l  control  i s  shown i n  f igu re  4 ( b ) .  

The va r i a t ion  of d i f f e r e n t i a l  p rope l le r  p i t ch  with 
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Longitudinal control  w a s  provided by t h e  control  column pivoted f r o m t h e  
f l o o r .  A n  adjustable  hor izonta l  s t a b i l i z e r  w a s  normally s e t  a t  +3 f o r  take-off,  
a t  +9 f o r  landing, and a t  3-1 f o r  c ru i se .  

The ai lerons,  spoi le rs ,  e levators ,  and rudder a re  actuated by an i r r eve r s -  
i b l e  hydraulic cont ro l  system with cont ro l  forces  supplied by f e e l  springs.  The 
cont ro l  force  va r i a t ion  with p i l o t  's 
t h e  breakout forces  and f r i c t i o n  are 
outboard propel le r  p i t c h  i s  actuated 
e ra1  cont ro l  s t i c k  and rudder pedals 
hor izonta l  s t a b i l i z e r  i s  actuated by 
t r i c a l l y  . 

control  displacement i s  shown i n  f igu re  5 ;  
a l s o  shown by these  da ta .  The d i f f e r e n t i a l  
by a mechanical mixing system from t h e  l a t -  
t o  t h e  propel le r  p i t c h  control  system. The 
t h e  hydraulic system but i s  control led e lec-  

Propulsion System 

Power i s  supplied by four  gas turbine engines each with a power r a t i n g  of 
1165 horsepower. 
and a free-wheeling u n i t .  Each propel le r  i s  coupled t o  t he  cross  shaf t  through 
a gear box and a clutch.  
estimated losses  due t o  gearing and accessories a re  25 horsepower per engine. 
Each of  t h e  four  propel lers  has th ree  blades, 14.76 f e e t  i n  diameter, with a max-  
imwn speed of 1200 rpm. Propel ler  cha rac t e r i s t i c s  used t o  compute t h e  thrust 
coef f ic ien ts  a r e  based on 0.55-scale propel le r  t e s t s  performed i n  a 26-foot wind 
tunnel of ONERA. These t e s t s  showed t h a t  t he  s t a t i c  propel le r  performance was 
4.2 pounds of thrust per shaft horsepower ( f igu re  of merit  equal t o  0.57) a t  
1100 horsepower and the  c ru ise  e f f ic iency  w a s  82 percent.  

The engines a re  coupled t o  the  cross sha f t  through a gear t r a i n  

The m a x i m u m  speed of t he  cross sha f t  i s  6000 rpm. The 

The shaf t  and, therefore ,  t h e  propel le r  speed i s  control led by a governor 
which ad jus t s  t h e  p i t ch  of a l l  four  propel le rs  simultaneously. This shaf t  speed 
i s  s e t  by a lever  i n  t h e  cockpit .  The power output of each engine i s  determined 
by i t s  gas generator speed which can be adjusted by ind iv idua l  engine t h r o t t l e s  
on t h e  center  pedestal  i n  t h e  cockpi t .  Further,  t he  gas generator speed of a l l  
engines can be co l l ec t ive ly  control led by a s ing le  power l eve r  t o  the  l e f t  of t h e  
p i l o t .  This lever  moves a l l  four  t h r o t t l e s  together .  Also incorporated i n t o  t h e  
single-power cont ro l  lever  was t h e  cont ro l  f o r  propel le r  reverse p i t ch .  It w a s  
possible  t o  put t h e  propel le r  i n t o  reverse f r o m  any t h r o t t l e  pos i t ion .  This w a s  
accomplished without unloading t h e  engines by having t h e  inboard propel le r  p i t ch  
lead t h e  outboard propel le r  p i t c h  when going t o  reverse p i t ch .  There were sev- 
e r a l  s a fe ty  f ea tu res  on t h i s  cont ro l  t o  prevent the p i l o t  from inadvertent ly  
placing t h e  cont ro l  i n  reverse  p i t c h  during f l i g h t .  

Instrument a t  ion 

A l l  quan t i t i e s  were recorded by osci l lographs.  Take-off and landing d i s -  
tances  were measured by t h e  use of a phototheodolite and d i r e c t  ground measure- 
ment s . 
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Special  cockpit  instrumentation included angle of a t t ack  and s i d e s l i p  indi-  
ca to r s .  A paravisua l  angle-of-attack ind ica tor  (BIP) was a l s o  provided. This 
instrument consisted of th ree  l i g h t s  mounted above t h e  instrument panel i n  t h e  
view of t h e  p i l o t  as he looked out of t h e  windshield of t h e  a i rp lane .  The l i g h t s  
were control led by angle of a t t ack .  A green l i g h t  indicated an angle of a t t ack  
between 0' and + 3 O .  Amber plus green indicated an angle of a t t ack  l e s s  than 0' 
while red  p lus  green indicated an angle of a t t ack  grea te r  than +3O.  
indicated an angle of a t t ack  above 13'. 
system t o  provide s ta l l  warning. 

Red alone 
A s t i c k  shaker w a s  a l s o  operated by t h i s  

T e s t  Procedures and Conditions 

The tes ts  were conducted at Centre D 9 E s s a i s  en V o l  (French F l igh t  Test Cen- 
t e r )  at I s t r e s ,  France under VFR f l i g h t  conditions.  The f l i g h t s  were made by an 
NASA p i l o t  i n  cooperation with Breguet personnel and with a Breguet t e s t  p i l o t  
and/or f l i g h t  t es t  engineer aboard. A l l  NASA landings and take-offs  were from a 
concrete f i e l d  a t  an elevat ion of 82 f e e t .  A landing approach mi r ro r  w a s  used 
f o r  a port ion of t h e  landing evaluation. 

The a i rp lane  w a s  flown with a take-off  gross  weight of 38,600 pounds with 
t h e  center  of g rav i ty  a t  30.8 percent of MAC. The loading consisted of t he  t e s t  
instrumentation, water b a l l a s t ,  and 3,200 l i t e r s  (about 5,500 pounds) of f u e l .  
F ina l  landing gross  weight w a s  about 36,000 pounds with l i t t l e  change i n  center- 
of-gravi ty  pos i t i on  from take-off t o  landing. 

RESULTS AND DISCUSSION 

The r e s u l t s  of t he  inves t iga t ion  w i l l  be discussed i n  th ree  sect ions e n t i -  
t l e d  (1) Performance, (2) Handling Qual i t ies ,  and ( 3 )  Operational Techniques. 
The l i f t  and drag cha rac t e r i s t i c s  a re  presented i n  t h e  appendix. 

Performance 

The take-off,  landing, and cru ise  performance f o r  t h e  test  a i rp lane  are 
summarized i n  the  following t a b l e  f o r  a gross weight of 38,500 pounds. 
t h e  values l i s t e d  are based on measurements made during Breguet and NASA f l i g h t s .  

A l l  of 
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Take-off (6f = 45/30) 

Power 

S t a l l  speed, knots 

Take -off speed, knots 

Ground r o l l  on concrete, f t  

A i r  d is tance t o  35 f t ,  f t  

. -  . . .  
Fl igh t  i d l e  

. I _  

4 - 200 sm 
68 

3 engine 

3 - 1100 SHP 

53 
- 
- 
- 
- 

Lanling ( 6f = 98/65) 

Power (each of 4 engines) 

S t a l l  speed, knots 

Approach speed, knots 

A i r  d i s h " ,  f t  

Ground roll on concrete o r  
grass ,  f t  

-T??f-!?L Ai.St.F.c.e. over 59. ft, . $3. 

. .  . . .  . 

Fl igh t  i d l e  

-200 SHP 
60 

- . -  .... 

49 I 
450 59 I 

55 
61 

Cruise (6f = O/O) 

N o r m a l  continuous power 
each of four  engines) 

True airspeed, knots 
_._.__ 

Take-off.- The e f f e c t  o€ gross weight on t h e  measured ground 
dis tance over 35 f e e t  i s  shown i n  f igu re  6 f o r  take-offs  on grass  

r o l l  and t o t a l  
and concrete.  

D a t a  a r e  shown f o r  f l i g h t s  made by Breguet and NASA; da ta  obtained by Centre 
D'Essais en Vol were used i n  es tab l i sh ing  t h e  f a i r e d  average curve. 
a r e  f o r  t h e  normal take-off configuration with an average power of 1100 horse- 
power per  engine. The operat ional  envelope f o r  t h e  a i rp lane  i n  the  take-off 
configuration i s  presented i n  f igu re  7. 
i a t i o n  with airspeed as w e l l  as t h e  angle of a t t ack  required f o r  various a i r -  
speeds. 
knots. The procedure used i n  t h e  take-off maneuver i s  i l l u s t r a t e d  by f igu re  8 
which shows a time h i s t o r y  of a t y p i c a l  take-off .  It can be seen t h a t  s h o r t l y  
a f t e r  l i f t - o f f  t he  angle of a t t ack  i s  reduced as airspeed increases.  Although 
t h i s  procedure did not  take complete advantage of t h e  STOL take-off capab i l i t y  
of t h e  airplane,  t h e  p i l o t s  considered it an easy and safe  technique. 
discussion of t h e  take-off procedure i s  included in t h e  Operational Techniques 

These data 

These da ta  show t h e  climb-out angle var-  

A n  angle of a t t ack  of about 10' i s  required f o r  a l i f t - o f f  speed of 39 

(Further  
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sec t ion  of t h i s  r epor t . )  Calculations have shown t h a t  a i r  dis tance could be 
reduced i f  higher angles of a t t ack  were maintained during t r a n s i t i o n  thereby 
u t i l i z i n g  t h e  ava i lab le  energy t o  increase a l t i t u d e  ins tead  of increasing 
airspeed s o  rapidly.  

Landing.- The va r i a t ion  of t he  computed landing dis tances  with gross  weight 
i s  shown i n  f igu re  9 .  Spotted on t h e  curves a r e  t h e  measured ground-roll  d i s -  
tances  and dis tances  over 50 f e e t  obtained during Breguet and NASA t e s t s .  Data 
are shown f o r  descent angles of 5 O  and 7.5' represent ing t h e  operat ional  range of 
approach angles.  The landing dis tances  over 50 f e e t  a r e  less than 1,000 f e e t  f o r  
t h e  maximwn landing weight considered fo r  t h e  a i rp l ane .  The operat ional  envelope 
f o r  t he  landing configuration i s  shown i n  f igu re  10 with p i l o t s '  approach speeds 
marked a t  various descent angles .  Approaches were general ly  made at an indicated 
angle of a t t ack  of about 3Owith engine power s e t  f o r  t h e  desired descent angle .  
For a gross weight of 38,500 pounds and a t  3' angle of a t t ack  t h e  approach speed 
w a s  approximately 57 knots f o r  a 5' descent angle and 61 knots f o r  7.5'. These 
approach conditions gave a 12' indicated angle-of-attack margin and about a 7- 
knot a i r -speed margin from the  s t a l l .  The landing procedure w a s  t o  make only a 
h a l f - f l a r e ,  t h a t  i s ,  with a rate of sink a t  touchdown, and reversing the  p i t c h  of 
t h e  propel le rs  immediately a t  touchdown. 
shown i n  f igure  11. The "half-f lare ' '  technique of landing w i l l  be discussed i n  
more d e t a i l  i n  t he  Operational Techniques sec t ion  of t he  r epor t .  With t h i s  tech- 
nique it w a s  not considered necessary t o  increase the  airspeed margin (decrease 
angle of a t t ack )  as t h e  descent angle became s teeper .  I n  cont ras t ,  a s ign i f i can t  
increase i n  the  airspeed margin was necessi ta ted i n  t h e  t e s t s  reported i n  r e f e r -  
ences 1 and 2 t o  avoid s t a l l i n g  when f u l l  flares were used. Figure 1 2  shows t h a t  
with t h e  ha l f - f l a r e  technique, t h e  calculated ground dis tance var ied only a small 
amount with descent angle because touchdown speed w a s  near ly  constant.  Therefore, 
t h e  t o t a l  landing dis tance over an obstacle depends pr imari ly  on the  a i r  dis tance 
which i s  a function of t he  descent angle.  It can be noted t h a t  as the  descent 
angle w a s  increased t o  more than 8 O ,  t he  change i n  t o t a l  landing dis tance per  
degree of descent angle w a s  s m a l l .  The landing dis tances  during NASA f l i g h t s  
were longer than Breguet's because the  p i l o t s '  l ack  of f a m i l i a r i t y  with t h e  pro- 
p e l l e r  reverse p i t c h  mechanism caused a delay of 1 t o  2 seconds i n  appl ica t ion  
of reverse t h r u s t .  

A time h i s to ry  of a t y p i c a l  landing i s  

All 
ency" i s  
when the  

landing da ta  presented herein were without "transparency. ( "Transpar- 
t he  term used i n  reference 6 t o  descr ibe the  approach power condition 
outboard propel le rs  a r e  a t  zero equivalent t h r u s t  and t h e  inboard pro- 

p e l l e r s  a r e  developing the  thrust required.)  
work described i n  reference 6, improvement i n  the  landing performance may be 
possible  on t h e  t e s t  a i rp lane  and other  s i m i l a r  STOL a i r c r a f t  i f  transparency i s  
used. 

Based on t h e  Breguet 940 f l i g h t  

Wave-off.- Because of t he  high drag i n  t h e  landing configuration, t he  wave- 
Figure 1-3 com- off required a reduction i n  f l a p  def lec t ion  from 98/65 t o  75/50. 

pares the  STOL operat ional  envelopes of t h e  a i rp lane  i n  the  landing configuration 
and the  wave-off configuration. The da ta  ind ica te  t h e  wave-off capab i l i t y  i n  the 
landing configuration would be adequate only with four  engines. 
t h a t  i f  the  f l a p s  a re  r e t r ac t ed  from 98/65 t o  75/50 at an airspeed of 60 knots 
with m a x i m m  power on three  engines, t he  rate of climb increases from 60 t o  

It can be seen 
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450 f e e t  per  minute. The s t a l l  speeds f o r  t he  two configurations a re  near ly  the  
same (-43 knots),  ind ica t ing  t h a t  there  i s  l i t t l e  difference i n  the  l i f t  charac- 
t e r i s t i c s  with t h e  two f l a p  def lect ions,  bu t  a la rge  e f f e c t  on drag. 
appendix f o r  l i f t  and drag c h a r a c t e r i s t i c s . )  

(See 

. .  . . . . . .  . . . . .  . . ~  

Control power, Sens i t iv i ty ,  Damping, 
radians/secZ radians/secz/in. l / sec  

- . .  . .  I . .  . . .  

0.42 0.14 1.0 

.18 .06 .I5 

. . 1.05 . . .  ~~~ - 15 2 

Cruise.- Figure 1 4  presents  curves of power required and power ava i lab le  
f o r  severa l  a l t i t u d e s  and gross weights. 
r en t  propulsion system, which has a maximum propel le r  e f f ic iency  of about 82 per- 
cent, c ru ise  speeds of 225 knots t r u e  airspeed are  obtained a t  sea l e v e l  and 
10,000 f e e t  a l t i t u d e  with maxi" continuous engine power. 
e f f e c t s  of a l t i t u d e  on t h e  drag-airspeed re la t ionship  w a s  compensated by t h e  l o s s  
of engine power with a l t i t u d e .  The l i f t - t o -d rag  r a t i o  of t h i s  a i rp lane  a t  10,000 
f e e t  a l t i t u d e  and 225 knots t r u e  airspeed i s  about 9.5. 

These da ta  ind ica te  tha t  with t h e  cur- 

The benef ic ia l  

Response a f t e r  P i l o t  ' s  
1 sec, deg rat ing 

7.5 3 

3 - 5  3 

14 3 -1/2 

HANDLING QUALITIES 

The handling q u a l i t i e s  of t he  t e s t  a i rp lane  i n  the STOL operating range 
were considered sa t i s f ac to ry  by t h e  evaluating p i l o t  except f o r  t h e  longi tudinal  
s t a t i c  s t a b i l i t y  and l a t e r a l - d i r e c t i o n a l  s t a t i c  and dynamic s t a b i l i t y  which were 
unsa t i s fac tory  but  acceptable. Analysis of t he  measured cha rac t e r i s t i c s  has been 
made t o  show t h e  r e l a t ionsh ip  t o  p i l o t  opinion. The numerical p i l o t  r a t i n g  sys- 
tem shown i n  t a b l e  I1 and described i n  reference 8 w a s  used by the p i l o t  i n  
r a t i n g  t h e  various cha rac t e r i s t i c s .  

General Control Charac te r i s t ics  

The control  cha rac t e r i s t i c s  about a l l  th ree  axes of t h e  airplane i n  the  nor- 
mal landing configuration a t  about 60 knots airspeed along w i t h  t he  p i l o t  ra t ings  
a re  shown i n  t h e  following t a b l e .  The control  power i s  i n  terms of i n i t i a l  angu- 
l a r  accelerat ion f o r  f u l l  control .  The s e n s i t i v i t y  i s  i n  terms of i n i t i a l  angu- 
l a r  accelerat ion f o r  1 inch of cont ro l  def lec t ion .  The damping i s  i n  terms of 
damping moment divided by moment of i n e r t i a  per  radian per second angular veloc- 
i t y .  
maximum control  s t ep  input,  and f o r  computing purposes a f i r s t - o r d e r  system was 
as s u e d .  

The response i s  i n  terms of degrees a f t e r  one second f o r  a 0.2-second-ramp' 

Axes 

Direc t iona l  

[Longitudinal .. 

. .  

lThe ramp time i s  t h e  time assumed f o r t h e  controls  t o  reach maximum d i s -  
placement. 
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These da ta  show t h a t  t h e  p i l o t  r a t ed  t h e  STOL cont ro l  response character-  
i s t i c s  "sa t i s fac tory"  about a l l  three axes. The r igging of t he  spoi le rs  so  t h a t  
m a x i m  def lec t ion  occurred a t  ha l f  s t i c k  def lect ion,  as shown i n  f igu re  4(a), 
w a s  responsible f o r  t he  high lateral cont ro l  s e n s i t i v i t y .  
l i n e a r i t y  w a s  considered t o  be sa t i s f ac to ry  by the  p i l o t .  

The r e su l t i ng  non- 

A t  minimum airspeeds (as low as 42.5 knots) ,  t h e  p i l o t  considered cont ro l  t o  
s t i l l  be adequate f o r  t h i s  c l a s s  of a i rplane.  I n  t h e  take-off configuration t h e  
longi tudinal  and d i rec t iona l  cont ro l  were not appreciably d i f f e ren t  than i n  the  
landing configuration, b u t  t h e  lateral  cont ro l  was  r a t ed  higher ( p i l o t  r a t i n g  of 
2-1/2). Measurements showed t h a t  l a t e r a l  cont ro l  response w a s  higher i n  the  
take-off configuration because t h e  a i le rons  were more e f f ec t ive  a t  a reduced 
angle of droop. 

In  t h e  c ru i se  configuration l a t e r a l  and d i r ec t iona l  control  were considered 
t o  be t o o  sens i t i ve  f o r  t h i s  type of a i rplane;  longi tudina l  control  was much too 
sens i t i ve  with a p i l o t  r a t i n g  of 6. A cont ro l  f e e l  system which var ies  with 
free-stream dynamic pressure i s  planned f o r  fu tu re  a i r c r a f t  t o  minimize t h i s  
problem. 

Because of t h e  d e s i r a b i l i t y  of f l y ing  with one hand on the t h r o t t l e  and the  
o ther  on the  f l i g h t  controls ,  t he  p i l o t s  found t h e  lef t -hand t h r o t t l e  control  and 
t he  right-hand s t i c k  cont ro l  f o r  l a t e r a l  and longi tudina l  control  inputs very 
convenient. The break-out forces  and f r i c t i o n  were low about a l l  th ree  axes ( see  
f i g .  5 ) .  The force  gradients  shown i n  f igu re  5 were f e l t  t o  be sa t i s f ac to ry  f o r  
STOL operation, bu t  d i r ec t iona l ly  and longi tudina l ly  were too low f o r  c ru ise .  
The cont ro l  fo rce  cha rac t e r i s t i c s  of  the  lef t -hand t h r o t t l e  consisted of a f a i r l y  
high break-out force  due t o  a detent  system bu t  with very l i t t l e  force  once the  
t h r o t t l e  lever  was  moving. Therefore, it w a s  d i f f i c u l t  f o r  the  p i l o t  t o  make 
s m a l l  t h r o t t l e  movement without overcontroll ing.  It i s  believed t h a t  a des i rab le  
force  cha rac t e r i s t i c  of  t h e  t h r o t t l e  system f o r  a STOL a i rp lane  would be j u s t  
enough f r i c t i o n  t o  prevent creep. 

La tera l  Control 

Since l a t e r a l  cont ro l  requirements f o r  STOL operation a re  of such general  
i n t e r e s t ,  severa l  l a t e r a l  configurations were evaluated. The normal configura- 
t i o n  uses a i lerons,  spoi le rs ,  and d i f f e r e n t i a l  p rope l le r  p i t c h  t o  produce r o l l i n g  
moment with l a t e r a l  s t i c k  inputs.  It w a s  a l so  possible  t o  disengage each of 
them. Figure 15  presents  t he  r o l l i n g  angular accelerat ion with l a t e r a l  s t i c k  
def lect ion f o r  severa l  configurations.  The lateral  cont ro l  cha rac t e r i s t i c s  of 
a l l  combinations t e s t e d  are summarized along with t h e  p i l o t  r a t i n g  of each i n  
t ab le  111. 

These da ta  show t h a t  disengaging the spo i l e r s  reduces l a t e r a l  control  power 
i n  t h e  landing configuration from 0.42 t o  0.17 radian/sec2 and the  s e n s i t i v i t y  
t o  0.03 radian/sec2 per inch of  s t i c k  def lect ion.  
t h i s  a safe  configuration, hence, t h e  r a t i n g  of 7-l/2. 
propel ler  p i t ch  disengaged and with the  spo i l e r s  and a i l e ron  operating, t he  

The p i l o t  did not consider 
With the  d i f f e r e n t i a l  
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control  power w a s  reduced t o  0.30 radian/sec2 and the  p i l o t  r a t i n g  w a s  5. 
p i l o t ' s  comments on t h i s  configuration s t a t e d  that t h e  l a t e r a l  control  response 
and adverse yaw charac te r i s t ics  f e l t  qui te  s i m i l a r  t o  the NC-130B STOL a i r c r a f t  
( r e f .  2 ) .  The r e l a t i v e l y  large adverse yaw which occurred without d i f f e r e n t i a l  
propel ler  p i t c h  w a s  very objectionable. 
def lect ion of the  drooped outboard f l a p s  act ing as ai lerons.  Breguet wind-tunnel 
data  show t h a t  the  spoi le r  a l so  contributes t o  the adverse yaw. Therefore, the  
d i f f e r e n t i a l  propel ler  p i t c h  on the  941 contributes i n  two important ways t o  
l a t e r a l  control  of t h e  ai rplane;  f irst ,  by an increase i n  control  power, and 
second, by reduced adverse yaw. 

The 

The la rge  adverse yaw resu l ted  from the  

When t h e  a i le rons  were locked, l a t e r a l  control  moments were produced by 
spoi le rs  and d i f f e r e n t i a l  propel ler  pi tch.  Without a i leron,  t h e  roll control  
power w a s  reduced only about 10 percent, and $he adverse yaw disappeared and w a s  
replaced by a favorable yaw c h a r a c t e r i s t i c .  The p i l o t  considered t h e  l a t e r a l  
control  i n  t h i s  configuration sa t i s fac tory .  The favorable yaw w a s  s a t i s f a c t o r y  
i n  STOL operation, but w a s  excessive during c ru ise  because it w a s  d i f f i c u l t  t o  
prevent large s i d e s l i p  angles from building up during t u r n  en t r ies .  When t h e  
d i f f e r e n t i a l  propel ler  p i t c h  w a s  disengaged i n  cruis ing f l i g h t ,  leaving only t h e  
spoi le rs  f o r  l a t e r a l  control,  t h e  p i l o t  considered the  l a t e r a l  control  very good 
( r a t i n g  of 2). 
operat ion. 

The spoi le r  only configuration w a s  not evaluated i n  STOL 

Subsequent t o  t h i s  investigation, the  configuration of the  airplane w a s  
changed by eliminating t h e  a i le ron  and def lect ing t h e  outboard f l a p  t o  higher 
angles. 
were made more e f fec t ive  and t h e  d i f f e r e n t i a l  propel ler  p i t c h  w a s  increased t o  
3 . 5 O .  With these modifications t h e  control  power i n  take-off w a s  increased from 
0.44 t o  0.60 radian/secZ and t h e  control  power i n  landing w a s  increased from 0.40 
t o  0.70 radian/sec2. The NASA evaluating p i l o t  found t ha t  t h e  modified airplane 
w a s  more responsive t o  l a t e r a l  control  inputs and could roll t o  about 10 i n  one 
second i n  the landing configuration. The p i l o t  ra ted  t h e  modified l a t e r a l  con- 
t r o l  s a t i s f a c t o r y  f o r  both taking off and landing. 

To obtain higher l a t e r a l  control  power without the  ai leron,  t h e  spoi le rs  

0 

Figure 16 presents the  var ia t ion  of l a t e r a l  control  power with p i l o t ' s  
r a t i n g  f o r  the  various configurations of t h e  Breguet a i rplane.  The control  power 
and p i l o t  *s r a t i n g  of t h e  VZ-3RY, YC-l34A,  and N C - l 3 O B  STOL airplanes a r e  shown 
f o r  comparison. Although these data  indicate  l i t t l e  improvement i n  p i l o t  r a t i n g  
f o r  control powers grea te r  than 0 . 4  radian/sec2, more data a r e  needed t o  
adequately define a s a t i s f a c t o r y  control  power l e v e l  because adverse yaw and 
other charac te r i s t ics  undoubtedly have a strong influence on t h e  p i l o t ' s  r a t i n g  
of l a t e r a l  control  i n  STOL operation. 

S t a t i c  Lateral  and Direct ional  S t a b i l i t y  

The s t a t i c  l a t e r a l  and d i r e c t i o n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  a r e  shown i n  
f i g u r e  1-7 i n  terms of lateral  s t i c k  and rudder pedal pos i t ion  and bank angle var- 
i a t i o n  with s i d e s l i p  angle i n  t h e  landing configuration. The s t a t i c  d i r e c t i o n a l  
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s t a b i l i t y  was pos i t ive .  
a t  l e a s t  20' of s i d e s l i p  w a s  l i nea r ;  t h e  a i rp lane  has been flown t o  as high as 
30' of s i d e s l i p  without any divergence apparent t o  t h e  p i l o t .  
ered t h e  s t a t i c  d i r ec t iona l  s t a b i l i t y  low, with a p i l o t  r a t i n g  of 4. 

The rudder pedal pos i t ion  va r i a t ion  with s i d e s l i p  out t o  

The p i l o t s  consid- 

The d ihedra l  e f f e c t  which i s  indicated by t h e  l a t e r a l  s t i c k  required f o r  
s teady-state  s i d e s l i p  w a s  pos i t ive  but low. 
s t i c k  pos i t ion  va r i a t ion  with s i d e s l i p  i s  believed due t o  nonl inear i ty  i n  t h e  
l a t e r a l  cont ro l  effect iveness  and not i n  t h e  d ihedra l  e f f e c t .  It should be 
pointed out, however, t h a t  t h e  p i l o t  w a s  unaware of m y  nonl inear i ty  i n  l a t e r a l  
response near zero s t i c k  def lect ion.  The cont ro l  system of t h e  airplane w a s  such 
t h a t  t h e  rudder pedal a l s o  produced some d i f f e r e n t i a l  p rope l le r  p i t ch  ( see  
f i g .  4 ( b ) ) .  
def lec t ion  t o  synthesize a dihedral  e f f e c t .  The p i l o t  considered the  d ihedra l  
e f f e c t  s a t i s f ac to ry .  

The nonl inear i ty  i n  t h e  l a t e r a l  

This w a s  incorporated t o  increase t h e  r o l l i n g  moment with rudder 

A s  expected with opposite ro t a t ing  propel lers ,  t he re  were no appreciable 
l a t e r a l  o r  d i r ec t iona l  t r i m  requirements due t o  speed o r  angle-of-attack changes. 

L a t  e r a1  -Dire e t  i ona l  Dynamic S t a b i l i t y  

A t  t he  normal approach speed, t he  d i r ec t iona l  o s c i l l a t i o n  has a period of  
Figure 18 i s  a time h i s to ry  of 8 . 5  seconds and a damping r a t i o  l e s s  than 0.1. 

t he  l a t e r a l - d i r e c t i o n a l  o s c i l l a t i o n  following a re lease  f r o m  s teady-state  s ide -  
s l i p ,  and f igu re  19 i s  a time h i s to ry  of t he  response of t he  a i rp lane  t o  a l a t -  
e r a l  s t i c k  pulse input (bank angle s t ep )  with rudder f ixed.  
h i s t o r i e s  show t h e  cha rac t e r i s t i c  behavior of an a i rp lane  with l o w  d i r ec t iona l  
s t a b i l i t y ,  low side-force gradient,  and low damping. Large amplitude and long 
period s i d e s l i p  and yaw r a t e  o sc i l l a t ions  are evident, and f o r  rudder-fixed r o l l s  
l a rge  s i d e s l i p  angles bu i ld  up before the  a i rp lane  begins t o  t u rn  when t h e  a i r -  
plane i s  banked. Although the  airplane had s i m i l a r  l a t e r a l - d i r e c t i o n a l  dynamic 
cha rac t e r i s t i c s  t o  t he  NC-130B ( r e f s .  2 and 3) ,  t he  p i l o t  considered the  t e s t  
a i rp lane  t o  be acceptable and assigned a r a t i n g  of 4, as compared t o  a p i l o t  
r a t i n g  of 6-1/2 f o r  t he  NC-130B. 
t e r i s t i c s  of t h e  two airplanes f a i l e d  t o  show t h a t  any one parameter could 
account f o r  t he  l a rge  difference i n  p i l o t  opinion. The shor te r  period of 8.5 
seconds f o r  t he  tes t  a i rplane,  as compared t o  12  seconds f o r  t he  NC-l30B, w a s  
probably an important f ac to r .  Also the  lateral  cont ro l  power w a s  20 percent 
higher f o r  the  941, adverse yaw was c lose t o  zero, t he re  was  no tendency f o r  
divergence i n  s i d e s l i p  a t  high s i d e s l i p  angles, and t h e  mechanical charac te r i s -  
t i c s  of t h e  cont ro l  system were considered t o  be much b e t t e r .  It seems reason- 
able  t h a t  t h e  combination of a l l  these cha rac t e r i s t i c s  could account f o r  t h e  
difference i n  p i l o t  opinion. 

These two time 

An analysis  of t h e  differences i n  the  charac- 

S t a t i c  Longitudinal S t a b i l i t y  

The evaluating p i l o t  considered t h e  s t a t i c  longi tudina l  s t a b i l i t y  of t h e  
ai rplane low i n  a l l  configurations and airspeeds.  S tab i l iz ing  on a desired angle 
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of a t tack  w a s  no problem f o r  t h e  p i l o t  i n  calm a i r ,  but i n  turbulent  a i r ,  t h e  
p i l o t  found it d i f f i c u l t  t o  keep angle-of-attack excursions low. The numerical 
p i l o t  ra t ings  were 4-1/2 i n  STOL operation and 5-l/2 i n  c r u i s e .  

Figure 20 presents the  longi tudinal  s t a b i l i t y  c h a r a c t e r i s t i c s  of the air-  
plane i n  terms of e levator  angle v a r i a t i o n  with angle of a t tack  f o r  th ree  engine 
powers and a center of gravi ty  of 32-percent MAC. These d a t a  show t h a t  the  e l e -  
vator  required f o r  trim v a r i e s  with power s e t t i n g .  Not only i s  a trim change 
with t h r u s t  evident,  but a l s o  a change i n  slope.  An analysis  has indicated t h a t  
the  moment change associated with changes i n  t h r u s t  coef f ic ien t  as airspeed i s  
changed has a strong e f f e c t  on t h e  longi tudinal  s t a b i l i t y .  These c h a r a c t e r i s t i c s  
a r e  discussed i n  more d e t a i l  i n  reference 7.  This reference points  out t h a t  t h e  
e f f e c t  of thrust-coeff i c i e n t  changes on t h e  s t a t i c  longi tudinal  s t a b i l i t y  a r e  a 
function of t h e  v e r t i c a l  center-of -gravity pos i t ion .  Also evident i n  f i g u r e  20 
i s  the change i n  the  slope of t h e  curve at  high angles of a t t a c k .  The change i n  
slope probably r e s u l t s  from a change i n  downwash c h a r a c t e r i s t i c s  a t  the  t a i l  a t  
high angles of a t t a c k .  A discussion of the  downwash c h a r a c t e r i s t i c s  on a model 
s i m i l a r  t o  the  Breguet 941 i s  given i n  reference 9 .  

Figure 2 l ( a )  shows the  elevator  posi t ion var ia t ion  with angle of a t t a c k  f o r  
various center -of -gravity pos i t  ions i n  the  landing configuration. These data  
show t h a t  with the  center of gravi ty  a t  35-percent MAC t h e  s t a b i l i t y  i s  almost 
neut ra l ,  while near 30-percent MAC the  s t a b i l i t y  i s  pos i t ive .  The longitudinal-  
s t a b i l i t y  data  f o r  the center  of gravi ty  a t  30.8-percent MAC used i n  the  NASA 
evaluation f l i g h t s  a re  shown i n  f igure  2 l ( b ) .  

The s t a t i c  longi tudinal  s t a b i l i t y  i n  the  c ru ise  configuration w a s  almost 
n e u t r a l  a t  a center-of-gravity locat ion of 30.8-percent MAC. Less than lo of 
elevator  def lec t ion  w a s  required f o r  t h e  airspeed range from 160 t o  230 knots 
indicated airspeed (about 3 -l/2O angle -of -attack change) . The p i l o t  found t h a t  
the  low s t a b i l i t y  w a s  not too  annoying f o r  t e s t  f ly ing ,  but it would be unsat is-  
factory f o r  a long f l i g h t  , hence , a p i l o t  r a t i n g  of 5-1/2. 

T r i m  Changes With FlaF Deflection and Engine Power 

Figure 20 a l so  shows the  s t a t i c  longi tudinal  c h a r a c t e r i s t i c s  a t  various 
engine power and f l a p  s e t t i n g s .  These d a t a  can indicate  t r i m  change with engine 
power, but they do not give an exact indicat ion of the t r i m  change with f l a p  
def lec t ion  since the  s t a b i l i z e r  angle i s  d i f f e r e n t  f o r  each f l a p  def lec t ion .  The 
recommended operat ional  procedure w a s  t o  change s t a b i l i z e r  t r i m  as f l a p  def lec-  
t i o n  w a s  changed. The s t i c k  forces  were unacceptably high when going from e i t h e r  
take-off or landing configuration t o  flap-up or vice-versa without changing sta- 
b i l i z e r  pos i t ion .  For example, a p u l l  force of t h e  order of 1.5 pounds w a s  
required for a constant s t a b i l i z e r  angle t r a n s i t i o n  from take-off configuration 
a t  an airspeed of 63 knots t o  c ru ise  configuration a t  an airspeed of 130 knots.  

Figure 20 indicates  t h a t  t h e r e  i s  a large nose-down t r i m  moment with an 
increase i n  engine power. Because of t h i s  large t r i m  change with t h r u s t ,  the  air- 
plane w a s  equipped with a trim compensator which operated on the  elevator  t r i m  



bungee and var ied t h e  elevator  posi t ion f o r  zero s t i c k  force  as a function of 
t h r o t t l e  pos i t ion .  
change with power t o  be qui te  sa t i s fac tory .  The t h r o t t l e - e l e v a t o r  force i n t e r -  
connect w a s  p a r t i c u l a r l y  he lpfu l  i n  wave-offs. Figure 22 shows time h i s t o r i e s  
with and without t h e  compensator. These d a t a  of simulated wave-offs were made 
s t ick- f ree .  It can be seen t h a t ,  with the  interconnect, successful wave-off can 
be accomplished without change i n  t r i m  f o r c e .  Going from 90 percent of maximum 
gas generator speed t o  100 percent resu l ted  i n  t h e  elevator  pos i t ion  f o r  zero 
force of -4'. The p i l o t  l iked  t h e  posi t ive nose-up r o t a t i o n  with increase i n  
t h r u s t  evident with t h e  interconnect.  

The p i l o t  considered t h i s  method of compensating f o r  t h e  t r i m  

Dynamic Longitudinal S t a b i l i t y  

The dynamic longi tudinal  s t a b i l i t y  of t h e  airplane w a s  characterized by a 
highly damped short  period and a l i g h t l y  damped phugoid. Figure 23 presented a 
time h is tory  of an elevator  pulse i n  the  landing configuration with the  center  of 
gravi ty  a t  35.2-percent MAC. The i n i t i a l  response indicates  t h a t  t h e  s t a b i l i t y  
&a is  near zero. 
amplitude i n  about one cyc le .  Figure 24 shows a time h is tory  of an elevator  s t e p  
with t h e  center  of gravi ty  a t  30.8-percent MAC (posi t ion used during NASA evalua- 
t i o n ) .  The computed curve i s  f o r  a f i r s t - o r d e r  system with control  effect iveness  
of 0.029 radian/sec2 per degree of e levator  and a damping time constant of 0.5.  
These da ta  indicate  t h a t  the  s t a b i l i t y  i s  very low and t h a t  the i n i t i a l  response 
i s  approximately a first -order system. The phugoid f o r  t h e  center-of -gravity 
posi t ion a t  30.8-percent MAC had a period of about 32 seconds and damped t o  one- 
half  amplitude i n  about 2 cycles a t  about 58 knots; it w a s  considered s a t i s f a c -  
t o r y  by the  evaluating p i l o t .  The dynamic longi tudinal  c h a r a c t e r i s t i c s  of t h e  
airplane a re  influenced as w a s  the  s t a t i c  longi tudinal  s t a b i l i t y ,  by t h e  airspeed 
s t a b i l i t y  term Cmv. 
angle-of-attack change during the phugoid. More research i s  required in to  the  
e f f e c t  the  various longi tudinal  s t a b i l i t y  der iva t ives  have on handling q u a l i t i e s  
of a i r c r a f t  i n  STOL operation. 

The phugoid has a period of 36 seconds and damps t o  halY 

This i s  evident i n  f igure  23 which shows a f a i r l y  large 

S ta l l ing  Character i s t  i c  s 

The airplane had no d e f i n i t i v e  s t a l l  i n  the  usual  sense.  The s t a l l  or  min- 
imum airspeed w a s  t h a t  airspeed a t  which f u r t h e r  increases i n  angle of a t tack  
d id  not appreciably change airspeed.  The l i f t  curve i s  qui te  f l a t  at C L ~ ~ ~  as 
shown i n  the  discussion of t h e  aerodynamic c h a r a c t e r i s t i c s  i n  the  appendix. 
Therefore, it w a s  d i f f i c u l t  t o  determine exact angle of a t tack  f o r  minimum air-  
speed. 

Figure 25 presents  t h e  s ta l l -speed var ia t ion  with engine power f o r  take-off , 
landing, and wave-off configurations.  A t  high engine power i n  t h e  landing con- 
f igurat ion,  s ta l l  speeds of l e s s  than 45 knots a r e  poss ib le .  



The only s t a l l  warning noted w a s  some l i g h t  buffeting i n  both landing and 
A t  the  take-off configuration when s ta l ls  were performed at  l o w  engine power. 

higher engine power t h e r e  w a s  no n a t u r a l  s t a l l  warning. A s t i c k  shaker which was 
actuated by angle of a t tack  w a s  provided f o r  s t a l l  warning. 
would des i re  natural  s t a l l  warning, t h e  s t i c k  shaker w a s  considered s a t i s f a c t o r y .  

Although t h e  p i l o t  

The handling q u a l i t i e s  of t h e  airplane near minimum airspeed were consid- 
ered t o  be acceptable by t h e  p i l o t .  
p i t c h  up or down near t h e  s t a l l  i f  t h e  s i d e s l i p  angle w a s  kept low. However, 
there  w a s  a tendency f o r  t h e  airplane t o  p i tch  up with an increase i n  s i d e s l i p  
angle a t  the  very high angles of a t tack  (above t h e  angles of a t tack  used i n  nor- 
m a l  take-off ro ta t ions  o r  landing f l a r e s ) .  The d i r e c t i o n a l  s t a b i l i t y  w a s  almost 
n e u t r a l  near minimum airspeed, but t h e  rudder control  w a s  adequate t o  control 
s i d e s l i p .  The l a t e r a l  control  w a s  a l s o  adequate near t h e  s ta l l ,  and there  w a s  
s u f f i c i e n t  longi tudinal  control  f o r  a rapid decrease in  angle of a t tack  f o r  
recovery. 

There w a s  no tendency t o  rol l -off  or t o  

OPERATIONAL TECHNIQUES 

Take -Off 

The take-off technique w a s  qu i te  easy and straightforward i n  t h a t  no 
requirement f o r  minimum control  speed had t o  be considered. A time h is tory  of a 
t y p i c a l  take-off i s  shown i n  f i g u r e  8. The engines c a ~ l  be advanced t o  f u l l  
power and checked before t h e  brakes a r e  released. Nose-wheel s teer ing  which w a s  
provided by a separate control  w a s  adequate during take-off, but rudder pedal 
s teer ing  would have been preferable  t o  allow t h e  p i l o t  t o  keep h i s  l e f t  hand on 
t h e  t h r o t t l e .  La tera l  control  w a s  adequate f o r  maintaining a wings-level a t t i -  
tude during t h e  take-off r o l l  under a l l  crosswind conditions t e s t e d .  Up elevator  
can be applied e a r l y  i n  t h e  take-off roll t o  obtain nose-wheel X f t - o f f  as soon 
as possible without an apparent drag increase.  With t h i s  technique, ro ta t ion  and 
take-off occur almost simultaneously a t  about 53 knots at a gross weight of 
38,500 pounds. 
between 7O and 10' and maintain t h i s  angle u n t i l  t h e  r e s u l t a n t  climb angle has 
been establ ished.  Although t h i s  w a s  considered a safe  procedure, it does not 
produce maximum performance. I n  addition, angle of a t tack  tends t o  overshoot 
i n i t i a l l y  and it i s  d i f f i c u l t  t o  s t a b i l i z e  at t h e  desired value s ince p i t c h  a t t i -  
tude, airspeed, and angle of a t tack  a re  continually changing during t h e  r o t a t i o n  
and l i f t - o f f .  
guide i s  needed during r o t a t i o n  and l i f t - o f f .  
n a l  accelerat ion with angle of a t tack  would allow the  p i l o t  t o  r o t a t e  t o  a 
higher angle i n i t i a l l y  while s t i l l  maintaining a safe  margin from t h e  s t a l l .  

The recommended procedure i s  t o  r o t a t e  t o  an angle of a t tack  

I n  order t o  obtain more consistent take-off performance a b e t t e r  
An instrument combining longitudi- 

Airspeed and angle of a t tack  can be s t a b i l i z e d  rap id ly  i n  t h e  climb ( 6 5  
knots and 7' angle of a t t a c k  a t  t h e  gross weight t e s t e d )  and t h e  airplane i s  
e a s i l y  maneuvered i n  t h i s  configuration. Sa t i s fac tory  t u r n  e n t r i e s  can be made 
using only l a t e r a l  control,  and s teep  turns  c lose t o  t h e  ground with bank angles 
up t o  45' a r e  r e l a t i v e l y  comfortable. 
required t o  maintain s teady-state  turns;  however, t h i s  w a s  not p a r t i c u l a r l y  

A s l i g h t  amount of bottom rudder i s  



objectionable t o  t h e  p i l o t .  The e f f e c t  of engine failure during take-off w a s  of 
r e l a t i v e l y  l i t t l e  concern because of the  interconnected propel lers ;  engine f a i l -  
ure r e s u l t s  only i n  a reduced rate of climb. 

Transit ion t o  Cruise 

The t r a n s i t i o n  t o  c ru ise  is  accomplished by r a i s i n g  the  f laps  i n  s teps  
0 while maintaining angle of a t t a c k  a t  about 7 . 

shown i n  f igure  26. 
a pos i t ive  climb r a t e  throughout. The b e s t  climb speed i s  about 130 knots a t  an 
angle of a t t a c k  of 7'. During the  t r a n s i t i o n  the  horizontal  s t a b i l i z e r  i s  repo- 
s i t ioned  t o  the c ru ise  s e t t i n g .  It w a s  recommended t h a t  t h i s  be done simultane- 
ously while r a i s i n g  the  f l a p s  t o  maintain near zero s t i c k  force.  This proved t o  
be cumbersome, however, s ince it w a s  t o  be done i n  a number of s teps  and l e d  t o  
some porpoising. It was  e a s i e r  t o  e f f e c t  t r a n s i t i o n  without retrimming the s ta -  
b i l i z e r  u n t i l  the  f l a p s  were f u l l y  re t rac ted .  A b e t t e r  so lu t ion  might be t o  have 
the  s t a b i l i z e r  programmed automatically as a funct ion of f l a p  pos i t ion .  

A time h i s t o r y  of t r a n s i t i o n  i s  
Acceleration i s  smooth and rapid,  and it is  easy t o  maintain 

Cruise 

I n  the  c r u i s e  configuration the airplane behavior resembles t h a t  of a 
f i g h t e r  type. 
no yaw i s  produced i n  t u r n  e n t r i e s  or roll reversa ls .  
s e n s i t i v i t y  i s  considered too  high f o r  a t ranspor t  a i rplane;  however, t h i s  could 
probably be corrected by a var iable  f e e l  system. 
n a l  s t a b i l i t y  previously discussed presented no problem under v isua l  f l i g h t  con- 
d i t ions ;  however, it would be objectionable under instrument f l i g h t  conditions 
o r  during long periods of cruise .  

With spoi le rs  only, it i s  qui te  responsive i n  roll and v i r t u a l l y  
The longi tudinal  control  

The n e u t r a l  s t a t i c  longi tudi-  

Trans i t i o n  t o  Landing 

In  order t o  " f i t  in"  from a speed standpoint with t h e  conventional a i r c r a f t  
t r a f f i c  pa t te rn ,  the  t r a n s i t i o n  t o  the landing configuration w a s  generally per -  
formed i n  two s teps .  Flaps were lowered f i r s t  t o  the take-off s e t t i n g  which 
allowed the  speed t o  be reduced t o  about 70 knots while s t i l l  allowing ample 
maneuverability. 
inside the  f a s t e r  t r a f f i c .  The f laps  were then f u l l y  lowered as the p i l o t  turned 
onto the base leg  or shor t ly  t h e r e a f t e r  as he commenced the  f i n a l  descent. 
Although the t r a n s i t i o n  can be made i n  one s tep,  as shown i n  f igure  F/', it w a s  
d i f f i c u l t  t o  hold a constant a l t i t u d e  or gl ide  path during such a t r a n s i t i o n ,  
because of the  trim changes associated with f l a p  def lec t ion  and power changes. 

The downwind leg  w a s  flown a t  about 500 t o  800 f e e t  and wel l  
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Approach and Landing 

The approach is  made by maintaining a constant angle of a t tack  of 3' while 
control l ing f l igh t -pa th  angle with power. 
angle-of-attack indicator  on the  instrument panel and a set  of index l i g h t s  which 
were mounted above the  g la re  sh ie ld .  The l a t t e r  were more usefu l  s ince they 
could s t i l l  be seen while the  p i l o t  concentrated h i s  v i s ion  on the landing area.  
Some d i f f i c u l t y  w a s  experienced i n  maintaining t h e  correct  angle of attack, as 
a r e s u l t  of the  low s t a t i c  longi tudinal  s t a b i l i t y  and the  trim changes associated 
with changes i n  power. This, of course, w a s  more pronounced i n  turbulence and 
w a s  less of a problem as more experience w a s  obtained. The thro t t le -e leva tor  
interconnect seemed t o  a l leviate  t h i s  problem t o  some extent.  There w a s  a l s o  
some d i f f i c u l t y  i n  maintaining the  desired f l i g h t - p a t h  angle t o  a given touch- 
down spot.  There is  an appreciable lag  between t h e  appl icat ion of t h r o t t l e  and 
the  resu l tan t  change i n  f l igh t -pa th  angle. Because of the  lag  there  i s  a tend- 
ency t o  overcorrect which can lead t o  e i t h e r  an excessive s ink r a t e  or f l o a t i n g  
j u s t  p r i o r  t o  ground contact.  This c h a r a c t e r i s t i c  i s  evidently inherent i n  t h i s  
c lass  of vehicle as it has previously been reported f o r  the C-134 and C-130 STOL 
a i r c r a f t  ( r e f s .  1 and 2 ) .  
approach and touchdown a r e  d i f f i c u l t  t o  perform i n  t h i s  a i r c r a f t  but r a t h e r  t o  
indicate  areas where addi t iona l  t r a i n i n g  may be required o r  where supplemental 
a ids  may be needed t o  ease the  p i l o t ' s  task.  The Breguet technique w a s  t o  ad jus t  
power t o  obtain the desired s ink r a t e  (800 f e e t  per  minute f o r  m a x i m u m  perform- 
ance) then hold a constant angle of a t tack  of 3' t o  the  f l a r e ,  thus ignoring 
t o  some degree the touchdown spot .  With s u f f i c i e n t  experience the  p i l o t  could 
probably learn t o  s i g h t  the  airplane a t  t h e  desired landing spot; however, it i s  
f e l t  t h a t  a v i s u a l  a i d  ( e i t h e r  airborne or  ground based) t h a t  would indicate  some 
desired f l igh t -pa th  angle would provide much more consis tent  accuracy. There w a s  
;is opportunity t o  determine the  minimum approach speed (or  maximum approach . 
angle of a t t a c k )  for t h i s  a i rplane.  The angle of a t t a c k  used seemed t o  provide 
an adequate margin for maneuvering or gusts .  From l e v e l  f l i g h t  a t  t h i s  angle of 
a t t a c k  there  appeared t o  be ample a b i l i t y  t o  gain a l t i t u d e  (wel l  i n  excess of 
5 0  f e e t )  without the  addi t ion of power. 

The p i l o t  w a s  provided with both an 

These comments a r e  not meant t o  imply t h a t  the  landing 

The f l a r e  can be i n i t i a t e d  a t  about 15 t o  20 f e e t  above the  runway. It w a s  
not found desirable  t o  completely f l a r e  the a i r c r a f t  but  ra ther  t o  r o t a t e  t o  the 
desired touchdown a t t i t u d e ,  reducing the  s ink  r a t e  t o  200 t o  300 f e e t  per  minute 
a t  touchdown. The h a l f - f l a r e  technique is  e a s i l y  accomplished but some judgment 
i s  required t o  estimate the  i n i t i a t i o n  point  i n  order t o  prevent "overflaring" 
and f loa t ing .  If the  s ink  rate w a s  reduced t o  near zero before touchdown, it was  
necessary t o  reduce power considerably before landing. Ground e f f e c t  seemed t o  
be qui te  strong and there  w a s  a d e f i n i t e  tendency t o  f l o a t  a t  the speeds used. 
Because of t h i s ,  landing from shallow approaches (less than 4O) seemed t o  be more 
d i f f i c u l t  t o  perform. During the  l a t t e r  port ion of very f l a t  approaches it w a s  
necessary t o  increase angle of a t t a c k  t o  about 7'. 
s l i g h t l y ,  the  a i r c r a f t  would then s e t t l e  t o  the  ground qui te  readi ly  i n  a satis-  
fac tory  a t t i t u d e .  A t  low angles of a t t a c k  the airplane tends t o  land nose wheel 
f irst  and bounce. 

When power w a s  reduced 



Immediately upon contacting t h e  ground, t h e  p i l o t  actuates  reverse p i t c h  by 
ro t a t ing  t h e  t h r o t t l e  inboard. This can be done a t  any power s e t t i n g  and 
requi res  l e s s  than 1 second f o r  a l l  four  propel le rs  t o  reach t h e i r  f u l l  reverse  
p i t c h  posi t ion.  As soon as it i s  ascer ta ined t h a t  t h e  propel lers  have reversed, 
full power can be appl ied while t he  an t i - sk id  brakes are applied simultaneously 
t o  obta in  maximum decelerat ion.  The p a r t i c u l a r  procedure provided f o r  i n i t i a t i n g  
reverse  was considered too complicated and awkward because it was  necessary t o  
re lease  a mechanical l a t c h  and raise the  t h r o t t l e  g r i p  before  t h e  t h r o t t l e  could 
be ro ta ted .  I n  addition, a guarded "safety" switch on top  of t h e  t h r o t t l e  was t o  
be actuated when t h e  t h r o t t l e  g r i p  was  ro ta ted .  Obviously any delay during each 
of these  operations can ser ious ly  a f f e c t  t h e  landing performance. For example, a 
delay of 1 second results i n  about a 30-percent increase i n  ground r o l l .  I n  v i e w  
of t h i s  it would seem des i rab le  i n  fu tu re  similar STOL a i r c r a f t  t o  have t h e  
reversing procedure s impl i f ied  t o  reduce t h e  number of operations required of t he  
p i l o t .  

Cross -Wind Landings 

Landings were performed i n  the  tes t  a i rp lane  with moderate cross-wind com- 
ponents without any d i f f i c u l t y .  Using the  crab method f o r  cross-wind correct ion 
was  somewhat objectionable because of t h e  l a rge  angles required a t  low approach 
speeds. Rudder cont ro l  power was  adequate, however, t o  decrab before touchdown. 
Another technique used was e s s e n t i a l l y  the  wing-down method, but  it was  modified 
t o  some extent  i n  t h a t  s i d e s l i p  r a the r  than bank angle was  used as t h e  primary 
cont ro l  parameter. Figure 28 presents  t he  s i d e s l i p  and bank angle required as a 
funct ion of cross-wind component. These data, which were obtained from steady- 
s t a t e  s ides l ips ,  show t h a t  t he  bank angle required i s  qui te  s m a l l  i n  comparison 
t o  t h e  corresponding s i d e s l i p  angle. Consequently it was qu i te  d i f f i c u l t  f o r  t h e  
p i l o t  t o  judge t h e  cor rec t  amount of bank angle f o r  counteracting the  cross  wind. 
It was  much eas i e r  t o  e s t a b l i s h  t h e  s i d e s l i p  required t o  maintain the  desired 
t r ack  on the  f i n a l  approach and then maintain heading with bank a t t i t u d e .  If t h e  
p i l o t  knows t h e  cross-wind component and has a s i d e s l i p  indicator  he can t r i m  t h e  
a i r c r a f t  i n to  the  required s i d e s l i p  p r io r  t o  reaching the  f i n a l  approach. A 
simple rule of thumb would be 1' 02 s i d e s l i p  f o r  each knot of cross wind. This 
technique makes cross-wind landings very s i m i l a r  t o  normal STOL landings during 
t h e  f i n a l  approach. 

Wave - O f f  

I n  order t o  e s t ab l i sh  a sa t i s f ac to ry  r a t e  of climb i n  the  event of a three- 
engine go-around, t h e  wave-off procedure ca l l ed  f o r  reducing the  f l a p  def lec t ion  
t o  75/50 while simultaneously adding m a x i m u m  power. This w a s  accomplished with 
a thumb operated, momentary type switch on the  t h r o t t l e  g r i p  which could cont ro l  
t he  f l a p s  between 98/65 and 75/50. This was  considered an acceptable procedure 
s ince the re  were no not iceable  lift or  t r i m  changes associated with the  f l a p  
angle change. It would be desirable ,  however, t o  i n i t i a t e  f l a p  r e t r ac t ion  during 
the  wave-off without requir ing t h e  p i l o t  t o  perform an addi t iona l  operation which 
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might be overlooked i n  an emergency. The addi t ion  of f u l l  power would normally 
r e s u l t  i n  an undesirably la rge  nose-down pi tching moment. To compensate f o r  t h i s  
moment, a th ro t t l e - e l eva to r  interconnect w a s  incorporated which reposit ioned the  
e leva tor  f e e l  bungee t o  reduce t h e  t r i m  force.  Time h i s t o r i e s  of wave-offs per-  
formed with hands-off-the-stick both with and without t h e  device a re  shown i n  
f i g u r e  22. The i m e d i a t e  favorable p i t c h  a t t i t u d e  response provided by the  
interconnect was  considered sa t i s f ac to ry .  

CONCLUDING REMARKS 

A f l i g h t  inves t iga t ion  of a t y p i c a l  STOL t ranspor t  a i r c r a f t  w a s  undertaken, 
u t i l i z i n g  the  Breguet 941 airplane.  
acceptable performance, handling qua l i t i e s ,  and operat ional  cha rac t e r i s t i c s  f o r  
t he  STOL mission. The evaluating p i l o t  found the a i rp lane  comfortable t o  f l y  a t  
t h e  low airspeeds required f o r  STOL operation. Many of t he  sa t i s f ac to ry  charac- 
t e r i s t i c s  can be a t t r i b u t e d  e i t h e r  d i r e c t l y  or i n d i r e c t l y  t o  the  cross  shaf t ing  
of t he  propel lers .  The sa fe ty  aspect of interconnecting the  propel lers  i s  obvi- 
ous i n  case of engine failure and adds much t o  the p i l o t ' s  sense of w e l l b e i n g  
when f ly ing  a t  low airspeeds and high power. Lateral cont ro l  power and adverse 
yaw cha rac t e r i s t i c s  a re  improved t o  a s a t i s f ac to ry  l e v e l  by the  use of d i f fe ren-  
t i a l  propel ler  p i tch .  Final ly ,  opposite ro t a t ing  propel le rs  gave aerodynamic 
symmetry and no lateral  or d i rec t iona l  moment changes w i t h  changes i n  a i rspeed 
or engine power. 

The study has shown that the  a i rp lane  has 

The p i l o t  considered both longi tudinal  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  too 
low f o r  a completely s a t i s f a c t o r y  ra t ing .  Low s t a b i l i t y ,  p a r t i c u l a r l y  inherent 
i n  an a i rp lane  with high moments of i n e r t i a  operating a t  l o w  airspeeds,  r e s u l t s  
i n  l o w  res tor ing  moments and long periods which complicate the  p i l o t ' s  cont ro l  
t a sk .  More research i s  required t o  determine ways t o  cope with the  problem and 
to adequately define s t a b i l i t y  and control  requirements of STOL airplanes.  

Ames Research Center 
National Aeronautics and Space Administration 

Moffe t t  Field,  Ca l i f . ,  Nov. 18, 1963 
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LIFT AND DRAG CHARACTERISTICS 

The l i f t  and drag c h a r a c t e r i s t i c s  of t h e  a i rp lane  a t  various values of 
t h r u s t  coef f ic ien t  i n  t h e  take-off,  landing, and wave-off configurations a r e  
shown i n  f igure  29. L i f t  and drag curves a t  constant engine power a r e  a l s o  shown. 
These data  were cross p l o t t e d  from f l i g h t  t e s t  da ta .  It should be pointed out 
t h a t  t h e  angle of a t tack,  %, used i n  these da ta  i s  uncorrected vane angles 
obtained from an angle-of-attack vane mounted on a nose boom about 6 f e e t  i n  
f ront  of t h e  airplane. The uncorrected angle-of-attack reading w a s  used because 
an accurate f l i g h t  ca l ibra t ion  of t h e  vane w a s  not  made. An approximate ca l ibra-  
t i o n  of the  vane as derived from Breguet wind-tunnel da ta  i s  shown i n  f i g u r e  30.  
The maximum l i f t  c a p a b i l i t i e s  of the  Breguet 941 a r e  summarized i n  f igure  31  
which presents t h e  v a r i a t i o n  of CLmm with t h r u s t  coef f ic ien t  f o r  various f l a p  
def lect ions.  The values of CLmax at high t h r u s t  coef f ic ien ts  were taken where 
t h e  l i f t -curve  slope approached zero s ince t h e r e  w a s  not a usual l i f t - c u r v e  peak 
t o  define C h .  The values of C h a x  were 5 and 6.7 with maximum engine power 
i n  t h e  take-off and landing configurations, respect ively,  a t  about 5000 f e e t  
a l t i t u d e  and a t  a gross weight of 38,500. 

Figure 32 shows a computed drag polar f o r  t h e  airplane i n  the  cruise  corSig- 
urat ion with measured f l i g h t  t e s t  data  points  f o r  comparison. The airplane i n  . 
t h e  cruise  configuration had a 
angle of a t tack  of 23O. 

of about 1 .6  which occurred a t  an indicated 
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TABLE I. - GEOMETRIC DATA 

__-A.-_-~:A._ .  . = .  .~ - .-_ c_i .~. . ~~. . .  . _ _  - _;;__I. ~ - 
Wing 

~ e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  889 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76.1 
Mean aerodynamic chord (reference) ,  ft . . . . . . . . . . . . . . . .  12.15 
Incidence root,  from fuselage reference l i n e ,  deg . . . . . . . . . . . . .  3 
Twis t ,deg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihe'dral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

nacel le  t o  wing t i p  . . . . . . . . . . . . . . . . . . . . . . . . .  63A416 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.52 
Taper r a t i o .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.507 
Flap def lec t ion  (maximum), deg . . . . . . . . . . .  In t e rna l  98; external  65 
Flap chord (percent wing chord) . . . . . . . . . . . . . . . . . . . . .  38.5 
Spoiler spanwise locat ion . . . . . . . . . . .  From 56 t o  97 percent of span 
Spoiler def lect ion,  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
Spoiler chord, percent chord . . . . . . . . . . . . . . . . . . . . . . .  7 

Total  area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320 
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.8 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . . . .  9.92 
A i r f o i l  sect ion . . . . . . . . . .  63~212 inverted with cambered leading edge 
E l e v a t o r a r e a ,  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

Maximum t r a i l i n g  edge up . . . . . . . . . . . . . . . . . . . . . . .  -35 
Maximum t r a i l i n g  edge down . . . . . . . . . . . . . . . . . . . . . .  +25 

Total  area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219 
span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17.9 
Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . . . .  13.1 
A i r f o i l  sect ion (modified) . . . . . . . . . . . . . . . . . . . . . .  63~013  
R u d d e r a r e a , s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  82. 6 

F i r s t  rudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  420 
Second rudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  440 

s lug-f t2  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  225,000 

A i r f o i l  sect ion with cambered leading edge from i n t e r n a l  

Horizontal t a i l  

Elevator def lect ion,  deg 

S tab i l i ze r  def lect ion,  deg . . .  +1 t o  +9 t o  fuselage r e f .  ( leading edge up) 
Ver t ica l  t a i l  

Rudder def lect ion,  deg 

Moment of i n e r t i a  (approximate f o r  38,500 l b  gross weight) 
I X X J  
In, S l u g - f t 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  140,000 
I,,, s lug-f t2  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400,000 

. - .. - .  
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I 
I 

4 Ad j ect ive 
rating 

TABLE 11.- PILOT OPINION RATING SYSTEM FOR UNIVERSAL USE 

' Numerical 
rating ~ 

Satisfactory Normal 
operation 

Description 

I 
1 Yes 

~ Excellent, includes optimum 

' Satisfactory, but with some mildly ' 
2 ' Good, pleasant to fly I Yes 
1 

3 

Primary 1, 
' mission 4 Can be 
accomplished ; landed ', 

Acceptable, but with unpleasant 

Unacceptable for normal operation 
Acceptable for emergency condition 

characteristics 

only1 

~ 

' Doubtful 

Doubtful 

Yes 

Yes e 

Yes : 

Unacceptable No 
operat ion 

Yes ; 

7 

a 
9 

I: 1 11 I1 4 
I' I, I1 
' 1 1 Unsatisfactory 1 operation 

Unacceptable even for emergency 

Unacceptable - dangerous 
Unacceptable - uncontrollable 

c ondit i on1 No 
No 
No 

- 

IFailure of a stability augmenter 

Iu w 



TABLE 111.- LATERAL CONTROL CHARACTERISTICS FOR VARIOUS CONFIGURATIONS 

Dif fe ren t ia l  
p r op e 1 l e  r 

p i t ch  
Configuration Ailerons 7-- Control 

power 
raaians/sec' 

Sensi t ivi ty ,  P i l o t '  s 
radians /sec2/in. ra t ing  

I o n  on 
on 
O f f  
On 

O f f  Landing 

0.42 0.14 3 

* 32 09 5 
.40 .12 3 -112 

.17 * 03 7 4 2  On 

On 
O f f  

on Take -off 

.21 4 

.125 2 I I :f Cruise 

Spoilers 

On 
on 
On 
O f f  

on 
On 

~~ 

on 
on 

I I I I 



A-31451 

Figure 1. - Photograph of test .airplane i n  landing configuration, 6f = 98/65. 



76.1 I I 

72.93’ 

( a )  Front and s ide  view. 

Figure 2 . -  Sketch of t e s t  a i rp lane .  
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- 21.32' -4 

(b )  Top view. 

Figure 2 .  - Concluded. 
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.385 C - I_ 

I +I 
(a)  Inboard f l a p .  

,385C - I_ 

\A\\ 65O 

(b )  Outboard-flap a i l e ron .  

Figure 3.- Cross sec t ion  of the t ra i l ing-edge f l a p  i n  a landing configuration; 
6f = 98/65. 
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(a) Lateral and longitudinal control. 

Figure 4.- Control displacements variation with control input. 
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( b )  Rudder and d i f f e r e n t i a l  propel ler  p i t ch  angle. 

30 

Figure 4.-  Concluded. 



35 30 25 20 15 IO 5 0 5 10 15 20 25 30 : 
Left Lateral stick deflection, deq Ri 

(a) Lateral. 

- - 
6 

a' 40 0 2 4 6 8 
Fwd Longitudinal stick deflection, in A f t  

(b) Elevator. 

5 
It 

Left Pedal displacement, in Right 

( c) Pedal displacement. 

Figure 5.- Force characteristics of flight control system. 
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Figure 6.- Take-off distance variation with gross weight; average shaft 
horsepower per engine = 1,100, 6f = 45/30 corrected for wind. 

32 



I 

I 

x deg 

/ 
l - 3  engines , 

Figure 7 . -  Operational take-off envelope; W = 38,500 lb, = 45/30, 1,100 sha f t  horsepower per engine. 
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Figure 8.- Take-off t i m e  h i s tory ;  W = 38,600 lb, 6f = 45/30, it = Oo, 1,080 sha f t  horsepower per engine. 
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Figure 9.- Landing distance variation with gross weight; sf = 98/65 corrected for 
wind, sea level. 
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Figure 10.- Landing operational envelope; W = 38,500 lb, Ef = 98/65. 
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Figure 11.- Landing time history; W = 37,600.1b, 6f = 98/65, it = 9.0 0 , 
370 shaft horsepower per engine. 
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Figure 12. -  Var ia t ion  of landing d is tance  wi th  f l i g h t  pa th  angle; Ef = 98/65, au = 3', W = 38,500 lb. 
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Figure 1.3.- Comparison of wave-off with landing operational envelope at wave-off power (1,100 shaft 
horsepower per engine); W = 38,500 lb. 
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(b) Landing configuration; 6f = 98/65, V, = 60 knots. 

Figure 15.- Variation of initial angular acceleration with lateral stick 
deflection; aU =: 3O. 
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Figure 16.- Pilot's rating of lateral control power for several STOL aircraft 
operating in the 40- to 70-knot airspeed range. 
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Figure 17. - Steady-state sideslips in landing configuration; 6f = 98/65, 
aU = -0 .5 ,  v, = 62 knots. 

43 



20 

V,, knots 60 

IO 

PI de9 
0 

1 I d  
I I  

--- 

-10 i\ 
p,  radianshec 0 JJ+ 

- I  

.I 

r, radianshec 0 

-.I 

20 
Left 

Lateral stick 
position, deg 

Right 
20 

Lef t  

Pedal position, in 

Right 

‘ 0  2 4 6 8 IO  12 14 
Time, sec 

Figure 18.- Time history of lateral-directional oscillation following release 
from steady-state sideslip; landing configuration, 6f = 98/65. 
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l a te ra l  s t i c k  input ;  l anding  configurat ion,  6f = 98/65, V, = 60 knots. 
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I I  
1 1  

c.g. SI-PIeng W it 
0 35.2 360 38,000 9.0 98/65 
0 35.2 720 37,000 9.0 98/65 
0 30.0 450 40,450 9.0 98/65 
A 29.6 830 42,400 9.0 98/65 
h 28.8 830 43,600 9.0 98/65 

(a) Center of gravity at 35.2- and at approximately 30-percent MAC. 
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960 37,000 6.9 75/50 
960 37,400 4.9 45/30 
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(b) Center of gravity at 30.8-percent MAC. 

Figure 21.- Static longitudinal stability at various center-of-gravity positions. 
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Figure 26.- Time history of take-off and transition to cruise, 
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Figure 27.- T i m e  history of transition f r o m  cruise to landing airspeed. 
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Figure 28.- Variation of sideslip and bank angle required to compensate f o r  
cross winds. 
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(a) Take-off configuration; 6f = 45/30. 

Figure 29.- Lift curve and drag polar variation with thrust coefficient. 
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Figure 29. - Concluded. 



(a) Take-off configuration. 
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(b) Landing configuration. 

Figure 30.-  Approximate angle-of-attack calibration. 
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Figure 31.-  Variation of with thrust coefficient for various flap 
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Figure 32.- Comparison between estimated drag polar and flight-test data; 
6f = 010. 
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